Since the first description of the steely-hair syndrome (Menkes et al., 1962) , consisting of male infants with characteristic facies, hair resembling steel-wool in texture, hypothermia, convulsions, severe mental retardation, and low serum copper and caeruloplasmin levels, many new cases have been described. The discovery of the disturbance in copper metabolism (Danks et al., 1972a, b) was an important step in the understanding of the evolution of the disease and led to the treatment by parenteral copper therapy (Danks et al., 1972b (Danks et al., , 1973 Walker-Smith et al., 1973; Bucknall, Haslam, and Holtzman, 1973; Dekaban and Steusing, 1974) . Unfortunately, in these cases the infants had severe neurological damage before copper therapy was begun and no improvement was obtained. Recently an infant has been treated from the age of 28 days and has so far shown a favourable response (Grover and Scrutton, 1975 with ampicillin he gained weight very slowly and was restless. At 9 weeks he was a thin, wriggling baby who did not smile or pay attention to his mother. His weight, length, and head circumference were well below the 10th centile. Scalp hair was scanty and crinkled, resembling his mother's hair. His facies were characteristic of Menkes's syndrome and he had a persistent erythematous rash on the head, neck, and trunk. Hb 11 9 g/dl; white blood count, electrolytes, liver, and thyroid function tests were normal; blood urea 41-74 mg/100 ml; creatinine clearance 25 ml/min per 1 73 m2 (normal for age). An mucosal tumour 1 cm in diameter, which had partly prolapsed into the first part of the duodenum. The remainder of the intestines was normal. The liver, spleen, and pancreas were normal. Both kidneys weighed 25 g and showed no evidence of scarring. The ureters were normal. The bladder was markedly distended and completely filled the abdominal cavity. There were several large diverticula in the bladder wall with areas of petechial haemorrhage in the mucosa. The ureteric orifices appeared normal. The urethra was removed intact and opened with scissors and no obstruction was found. Apart from a generalized increase in subcutaneous fat and associated muscle wasting, no other abnormality was found.
Microscopical examination. The changes in the brain were typical of Menkes's disease and have been described before. The bladder diverticula were covered by a thin attenuated layer of smooth muscle, with areas of mucosal ulceration. The antral polyp consisted of hyperplastic pyloric mucosa lying on a thickened muscularis mucosae continuous with the normal adjacent muscularis. The appearances were consistent with repeated prolapse of redundant antral mucosa to produce a polypoid lesion. The duodenal mucosa appeared normal. Sections of the carotid artery aneurysm showed subintimal oedema and marked widening of the media with extensive loss of elastin (Fig 3) . The remaining elastic fibres showed curling and fragmentation. The jugular vein aneurysm similarly showed subintimal oedema and loss of the elastin in the media (Fig 4) . There was no inflammatory cell infiltration. Microscopical examination. The brain showed the changes previously described in Menkes's disease. In the colon there were foci of superficial mucosal necrosis with focal haemorrhage associated with sludging of blood in the mesenteric vein tributaries. The appearances were probably due to hypothermia. The aorta showed subintimal fibrosis and widening of the media due to deposition of basophilic ground substance between elastic fibres (Fig. 5) .
Discussion
There have been a number of pubJished reports of patients with Menkes's syndrome from the USA and Australia but none from Britain. The 3 cases reported here were seen at one hospital in the course of one year. The families were not inter-related and the parents lived in different parts of Norfolk. Urological abnormalities have not been reported before. Urinary and blood urea are usually normal. Post-mortem reports in 12 previous cases (Menkes et al., 1962; Aguilar et al., 1966; Walker-Smith et al., 1973; Danks et al., 1972a) recorded no renal changes except for one child with terminal pyelonephritis. In our Case 1 there was ureteric reflux and hydronephrosis, in addition to a trabeculated bladder. In the other 2 cases the trabeculaed bladder contained diverticula suggesting bladder neck or urethral obstruction. No organic obstruction was found at post-mortem examination and a neurogenic bladder appears to be the likely cause, in view of the severe neurological defects.
All these infants received treatment with intramuscular copper-EDTA and the extremely low levels of serum copper and caeruloplasmin rose to normal or near normal levels. Doses Danks et al. (1972b) it was hoped that parenteral copper would benefit these children. Results have been very disappointing as assessed by failure of neurological development and post-mortem findings of gross cerebral degeneration, even in the baby treated from the age of 11 weeks until death at 11 months (Case 2).
The necropsy findings show several features of interest. Changes in the brain have been well described in previous reports though micropolygyria has not been associated with this syndrome. The marked trabeculation of the bladder and dilatation with diverticula has not been reported before in association with Menkes's syndrome. Since no organic obstruction could be found in the lower urinary tract, it is probable that there is disturbed innervation of the bladder neck. The arterial changes in the second patient were severe with the development of aneurysm formation. In contrast to previous reports (Danks et al., 1972a, b) This finding is at variance with the presence of raised levels of copper in the duodenal mucosa of other cases using atomic absorption spectrophotometry (Danks et al., 1973) . In view of the discovery of high copper levels in the kidney, spleen, and pancreas of a fetus with Menkes's syndrome (Horn et al., 1975) these tissues were examined from Cases 2 and 3. Using the rubeanic acid method, no excess could be shown. It is possible that the histological technique is insufficiently sensitive.
The underlying defect in Menkes's syndrome awaits clarification. In addition to the transport defect in the intestinal mucosa, Danks et al. (1972b) postulated a defect in placental transfer of copper to the fetus resulting in low levels at birth. This agrees with our observation of these 3 babies who had abnormal facies or hypothermia in the first week of life. However, Horn et al., (1975) in Denmark have shown high levels of copper in the placenta, kidney, spleen, and pancreas of a male fetus with Menkes's syndrome, while the hepatic concentration was low. There does not appear to be a defect in the ability of the liver to store copper given parenterally (Grover and Scrutton, 1975) and caeruloplasmin is rapidly formed after the administration of parenteral copper. It thus appears that in utero certain tissues have an abnormal affinity for maternal copper, causing a deficiency in the fetal and neonatal liver, skin, and brain. After birth the failure of copper transport through the intestinal mucosal cells, leading to an accumulation of copper in those cells and the conservation of normal copper levels in the erythrocytes, even when serum levels are very low, support this hypothesis. More detailed investigations are required of the biochemistry of absorption and transport of copper and the serum concentrations of caeruloplasmin, caeruloplasmin-copper, total copper, and noncaeruloplasmin-copper (Scheinberg and Sternlieb, 1975) .
